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Abstract 
A sequencing batch reactor (SBR) was used to remove COD, NH4+-N and PO43--P in slaughterhouse wastewater at 
different temperatures. A complete operation cycle was 7h, which consisted of fill, aeration(5h), settling(1h), 
stationary(1h) and drawing. Conventional treatment technologies were unsuccessful in treating slaughterhouse 
wastewater because it contained substantial amounts of fat, oil and grease (FOG). The SBR process showed great 
nutrient removal performances after 7 days prefermentation. The removals of COD, NH4+-N and PO43--P were 99%, 
85% and 99%, respectively. The increase in effluent volatile fatty acid (VFA) and phosphate concentrations after 
prefermentation may explain the high levels of biological carbon, nitrogen and phosphorus removal observed. The 
results also showed that 30℃ was found to be the most suitable temperature as the removal efficiency of COD, NH4+-
N and PO43--P was 96%, 92% and 91%, respectively. 
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1. Introduction 
The slaughterhouse industry is a very old human activity and, although it is still a relatively small scale 
industrial sector, its environmental impact has grown considerably due to the increase in plant production. 
The wastewater generated in meat processing plants contains high amounts of biodegradable organic 
matters, usually varying from 1100 to 2400 mg /L in terms of BOD5, with the soluble fraction varying 
between 40% and 60%. The insoluble fraction is formed by colloidal and suspended matters, in the form 
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of fats, proteins and cellulose, which can be degraded slowly in anaerobic reactors[1~3]. Depending on 
whether preliminary treatment is carried out and its efficiency, the concentrations of contaminants in a 
slaughterhouse wastewater can be variable[4~6]. For large-scale slaughterhouses, on-site biological 
treatment removes organic carbon and nutrients before the wastewater is discharged to surface waters or 
local wastewater treatment plants[7~9]. Most slaughterhouse wastewater treatment systems utilize activated 
sludge, stabilization ponds and anaerobic reactors as main biological treatment technologies. The high 
energy demand for aeration and massive sludge generated increase the operating costs of the treatment 
system, which limit the application of the aerobic technology as a main biological treatment of 
slaughterhouse wastewater[10,11]. A sequencing batch reactor (SBR) is preferred for its small space 
requirement, low engineering investment and operational cost, effective treatment and convenient 
operation and management[12,13]. Previous researchers suggested that the application of pretreatment to 
hydrolyse partial fat particles could accelerate the anaerobic treatment of slaughterhouse wastewater. This 
study aimed to (1) investigate the effects of prefermentation on slaughterhouse wastewater by using 
SBR;(2)determine the effect of temperature(10℃ ,20℃ ,30℃) on removal efficiency of COD,NH4+-
N,PO43--P in slaughterhouse wastewater.  
2.  Materials and Methods 
2.1 Experimental setup 
A schematic diagram of the experimental set up is depicted in Fig.1. Working volume of the SBR was 
3.5 L. Aeration was provided by using an air pump and a sparger. Agitation speed was varied between 
150 and 200 rpm. pH, dissolved oxygen (DO) and oxidation-reduction potential (ORP) of the wastewater 
were measured and adjusted to desired levels for each phase of the operation. An operation cycle 
consisted of five steps, namely, feeding→aeration (5h) → settling (1h)→stationary (1h)→drawing. 
Sludge age was kept constant at 14 days.  
The seed sludge from an upflow anaerobic sludge blanket reactor was inoculated into the SBR at the 
beginning of the cultivation. During the start-up period, the reactor was operated for 90 days until the 
removal rate of COD and NH4+-N were over 95% and 85%, respectively. 
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Fig.1 Schematic diagram of SBR system 
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2.2 Wastewater Composition  
The wastewater used in this study was from a local abattoir in Jilin, China. The raw wastewater was 
subjected to 7 day pre-fermentation before being pumped into the SBR. No inoculum was introduced in 
the pre-fermentor. The microbial population in the raw abattoir wastewater was used to carry out the 
fermentation. The temperature inside the reactor was kept at 30℃. The aim of pre-fermentation was to 
decrease the concentration of fat, oil, grease and COD, and increase the level of easily biodegradable 
COD, especially volatile fatty acids (VFAs), which was critical for biological phosphorus removal. The 
characteristics of the pre-fermented raw wastewater and the slaughterhouse wastewater were compared in 
Table 1.  
Table1 Characteristics of different types of wastewater used in this study 
Parameter Slaughterhouse 
wastewater 
Pre-fermented raw 
wastewater 
COD(mg/L) 1900-2480 785-940 
VFA(mg COD/L) 152-265 531-717 
TN(mg/L) 186-215 295-430 
NH4+-N(mg/L) 102-126 195-237 
TP(mg/L) 30-47 35-52 
PO43--P(mg/L) 29-43 33-47 
2.3 Analytical methods 
COD, NH4+-N, NO2--N, NO3--N, TN, MLSS, Total phosphate(TP) and volatile fatty acids(VFA) were 
measured by using Standard Methods. COD was measured by potassium dichromate titrimetric method. 
Ammonium nitrogen (NH4+-N), nitrite-nitrogen (NO2--N), nitrate-nitrogen (NO3--N) and total nitrogen 
(TN) were determined by Nessler’s Reagents spectrophotometer, Spectrophotometric method with N-(1-
naphthyl) ethy lenediamine, ultraviolet spectrophotometric method and alkaline potassium persulfate 
digestion-UV spectro photometer method, respectively. DO was measured by YD-1A dissolved oxygen 
meter and pH was measured by PHS-3C model acidity of precision.  
3.  Results and discussion 
3.1 Treatment of slaughterhouse wastewater after prefermentation 
Evolution of the effluent composition during 10 days of anaerobic storage is presented in Table 1. 
After 7 days of storage, about 75% of soluble COD was in the form of VFA, mainly acetate but also 
propionate, butyrate, isobutyrate and isovalerate[14]. An increase of 15% in phosphate concentration was 
observed as a result of conversion of organic-P. NH4+-N was double increased, which was probably 
produced during the mineralization of the high soluble protein substrate in the SBR reactors. COD 
removal efficiencies during the prefermentation were around 65%. This abatement of COD was due to the 
transformation of a part of organic compounds into VFA and CO2, and to promote bacterial growth 
during the acidification period. Maximal VFA concentration was obtained after 7 days of pre-
fermentation. Therefore, 7 day acidification storage was determined as pre-fermentation before feeding. 
The process was operated for 90 days using this prefermented slaughterhouse wastewater.  
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Fig.2 shows variations of COD, NH4+-N and PO43--P in the SBR during 90 days. The average 
COD,NH4+-N and PO43--P removal efficiencies in the SBR during 50 days were 92%, 78%and 83%, 
respectively. By using prefermented wastewater, P release concentration increased and varied from 35 to 
52mg/L, and P concentration at the end of the anoxic phase decreased and varied from 0 to 3 mg/L. 
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Fig 2.Characteristics of the SBR influent and effluent during 0-90 days after 7 days of pre-fermentation 
This was due to the increase of VFA and P concentrations in the pre-treated effluent and to the 
consumption of VFA in the anaerobic phase. Prefermentation of the slaughterhouse wastewater increased 
the P/CODs ratio. Consequently, the P uptake increased with the increase of polyphosphate accumulating 
organisms (PAOs) in the activated sludge. The increase of P concentration in the wastewater allowed the 
increase of P uptake by the PAO in the form of poly-P granules. This intracellular stock of poly-P was 
used as energy for VFA consumption and P release under anaerobic conditions. Complete P removal was 
achieved during the last 30 days of steady state operation due to the increase of the phosphorus sludge 
content. However, the P release decreased between the 30th and 50th day and P was incompletely 
removed at the 50th day (83%). This can be explained by a particularly low P concentration in the 
wastewater (6mg/L). SBR fed with slaughterhouse wastewater could be successfully operated, but only 
for pre-fermented wastewater with high VFA concentration and P/COD ratio. On-site VFAs were 
produced with low operational costs and no storage or handling problems, which can make them an 
attractive choice as a carbon source for nutrient removal. Indeed, the conversion of fermentable COD to 
VFA before utilization was necessary to maintain enhanced phosphorus removal activity. After 90 days, 
the final COD, NH4+-N and PO43--P removal efficiencies reached 99%, 95% and 100%, respectively. 
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Therefore, pre-fermentation was advisable for better treatment of slaughterhouse wastewater containing 
substantial amounts of fat, oil and grease( FOG ) . 
3.2 The effect of temperature on slaughterhouse wastewater   treatment  
Temperature is a very important inluence factor to assess the overall efficiency of a biological 
treatment process. Temperatures below or above the optimum typically have a negative effect on nutrient 
removal. To obtain a maximum removal efficiencies for COD, NH4+-N and PO43--P, the temperature of 
the process must be considered. After 90 days start-up period[15], a series of experiments were carried out 
to investigate the removal of COD, NH4+-N and PO43--P at 10ºC, 20ºC and 30ºC, respectively, for 90 
days. Fig.3 showed that removal efficiency of COD was about 78%, 92% and 96% at three different 
temperatures. The removal efficiency of COD was improved with the increase of temperature from 10℃ 
to 30℃. The SBR generally provided nearly adequate and complete COD removal of the wastewater at 
30°C.  In general, higher temperature is helpful for the COD removal. One explanation was the increasing 
removal efficiency of COD from 10℃ to 30℃ may have been the result of fat particle hydrolysis.  
Another explanation was that about one half of the COD in the wastewater was in undissolved form, and 
the increase in the degradation rate was attributed to a faster liquefaction of the colloidals and suspended 
solids (SS) under higher operating temperature.  Such results were ascribed to the flexible SBR system 
which could remove oil, grease and suspended solids. More than 90% of COD removal was achieved 
throughout the entire influent COD range under average effluent COD concentration of lower than 
10mg/l.  
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Fig 3 Removal efficiency of COD, NH4+-N and PO43--P at different temperatures 
Fig.3 also showed that removal efficiency of NH4+-N was about 67%, 83% and 92% at three different 
temperatures. As shown in Fig. 3, removal efficiency of NH4+-N was 92% when temperature was 30℃, 
but its removal efficiency was only about 67% when temperature was 10℃. In the present experiment, 
effluent ammonia concentration below 10mg/L was regarded as complete oxidation of ammonia. A 
temperature of 10℃ was too low to achieve complete oxidation of ammonia. The removal efficiency of 
NH4+-N was positively correlated with the temperature in the range of 10℃ -30℃ , which was in 
accordance with the literature[16] that the nitrification rate doubled as temperature increased by 10℃ 
within the range of 5-30℃. Bacterial synthesis is the main nitrogen sink during anaerobic treatment. The 
low growth rate and yield of anaerobic bacteria translated into low overall nitrogen removal. NH4+-N was 
mainly consumed by assimilation but also by nitrification. It was clear from this study that NH4+-N 
removal can be negatively affected by low temperatures.  
Fig.3 showed that removal efficiency of PO43--P was about 63%, 86% and 91% at three different 
temperatures. At 30℃, aerobic phosphate uptake was increasingly independent of phosphate release in 
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the anaerobic zone. At 10℃, no correlation between anaerobic P-release and aerobic P-uptake was 
observed. The rate of P-release decreased as the operating temperature was lowered from 30℃ to 10℃. 
Some literatures also showed that P-release increased with increasing temperature between 4 and 37℃. In 
the studies performed by Panswad et al. (2003)[17], It was clear that P-removal could be negatively 
affected by low temperatures in the SBR system and the presence of nitrate in the anaerobic zone affected 
the removal efficiency of PO43--P. Residual nitrate in the anaerobic phase results in the consumption of 
influent organic compounds by denitrifiers, thus decreasing the availability of organic matter for PAO. 
This reduction in PAO activity was evident when temperature was reduced. As a result, P removal 
efficiency was higher than 90%, and P concentration was lower than 0.5 mg/L in the effluent when the 
temperature is 30℃. The results demonstrated that a favorable PO43--P removal could be achieved under 
optimum temperature (30℃). Increase of temperature resulted in an increase in the population of poly-P 
organisms, which is known to accumulate soluble orthophosphate as intracellular polyphosphate under 
aerobic conditions and under anaerobic conditions. It can store soluble organic carbon as intracellular 
polyhydroxyalkanoates. At lower temperature (10℃ ), poly-P bacteria was  deficient  for  PO43--P 
reduction. As the temperature increase, it was possible that poly-P bacteria became the dominant species 
reducing the PO43--P in the wastewater. 
3.3 Nutrient concentration profiles 
After 180 days steady operation, samples at the beginning and at the end of each step 
(anaerobic/anoxic/oxic) were analyzed for COD, NH4+-N and PO43--P when the operating temperature 
was 30℃. Typical nutrient concentration profiles are depicted in Fig.4. Nearly 96% COD removal took 
place in the oxic step at the end of 7 hours of SBR operation. COD removal in the first two phases was as 
a result of utilization of carbonaceous compounds during denitrification. NH4+-N removal was negligible 
in the first two phases, since the only nitrogen removal mechanism in anaerobic/anoxic phases was 
denitrification of nitrate generated during the oxic phase of the previous cycle. Most of the NH4+-N was 
removed during the oxic phase by assimilation and nitrification resulting in 16.4 mg/L of NH4+-N at the 
end of the operation. PO43--P concentration was 38.4mg/L at the beginning of the cycle and slightly 
increased to 40.2mg/L during the first anaerobic/anoxic phases as a result of phosphate release. However, 
PO43--P concentration dropped down to 3.5mg/L at the end of the SBR operation because of assimilation 
and excess phosphate uptake during the oxic phase.  
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Fig.4 Changes of COD, NH4+-Nand PO43--P in the SBR at  30℃ (a)COD; (b) NH4+-N; (c)PO43--P 
4. Conclusions 
A SBR system was effective in removing COD, NH4+-N and PO43--P from slaughterhouse wastewater. 
Conclusions are listed as follows: 
(1) It is necessary to pre-ferment the slaughterhouse wastewater as an integrated step for nutrient 
removal. This stream, which contained a high-level of VFAs, was effective in providing supplementary 
carbon sources for both PO43--P and NH4+-N removal. Pre-fermentation is strongly recommended in the 
practical treatment of slaughterhouse wastewater. 
(2) Temperature is very important to assess the overall efficiency of a biological treatment process. 
The optimal temperature for the nutrient removal in the SBR was 30℃,  and removal efficiency of COD, 
NH4+-N and PO43--P is 96%, 92% and 91%, respectively. 
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